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Introduction and Motivation
Gamification describes the integration of game elements in a non-gaming context, for example education . In contrast to gamification, a serious game refers to the development of a full-fledge game with fixed rules and objectives, including aspects of design . The integration of game elements in a learning context is not new. There are many examples using gamification (e.g. "Bibliobouts" (Markey et al. 2008) ) or serious games (e.g. "Planet in Peril" (Sittler et al. 2011) ) in education. Although the boundaries between gamification and serious games are not clearly defined, the two game-based learning (GBL) approaches have one thing in common: both use game elements as motivational affordance. Thereby learners engage more and deal with additional topics that they would otherwise learn less about (Kapp 2012) . On the one hand, the integration of game elements offers an effective and active knowledge acquirement through the promotion of students' participation and interaction (Branston 2006) . On the other hand, students' motivation, fun and engagement can be enhanced, so that learning success could be positively influenced (Branston 2006) . Kerres (2011) defines learning success as the result of all didactic activities, which does not only mean the retention of facts, events or processes. For example, learning success includes emotional reactions (e.g. motivation, interest, fun), experienced quality of learning (e.g. content quality, quality of care and communication), satisfaction with learning behavior and result, learning behavior (e.g. duration and intensity) and objective knowledge gain at different intervals (Kerres 2001) . Consequently, learning success consists of more than one dimension and is difficult to measure (Mager 1972) .
Although, there are only a few papers dealing with the learning success of GBL applications. For example, LaRose et al. (1998) examined the impact of learning success based on two student groups. One group attended a traditional face-to-face (F2F) lecture and the other group attended an e-learning supported lecture. The study did not show any significant differences in the achieved grade, the students' attitude towards the learning method or the immediacy of the instructors with the learners (LaRose et al. 1998 ). In addition, Krause et al. (2015) examined a systematic analysis of the effects of gamification on the binding of students and their success in learning. The participants were divided into non-gamification and gamification groups. The groups were analyzed with respect to three criteria (retention period, quiz-correctness and test result). One of their research questions was whether gamification supports the students' learning success in the offered online course. The results of their study showed significant differences in performance between the different groups. The gamification group achieved a 25% higher result in retention rate and a 12.5% better result in the quiz test (Krause et al. 2015) . Furthermore, Jong et al. (2006) performed a comparative study with 158 participants and 4 teachers between traditional web-based learning and situated game-based learning (SGBL). The comparative study showed that the SGBL was preferred by the participants and the course was more interesting and demanding. Additionally, the students could retain the learning content better. However, the study did not provide any evidence that SGBL could better convey the learning content (Jong et al. 2006) . Previous studies defined learning success in GBL applications predominantly in connection with the grade, the retention rate or the subjectively perceived knowledge gain. The aim of this study is therefore to measure learning success with such an application over several dimensions. This is examined by a comparative analysis between a traditional F2F lecture and a serious game. Thereby, the objective and subjective knowledge gain are determined at different intervals as well as the satisfaction, fun and motivation with both learning methods.
Serious Game »Lost in Antarctica«
The digital GBL application used for this study is a serious game. The serious game is "Lost in Antarctica". In this browser game, which is designed as a point-and-click adventure, students travel as a group of scientists to the South Pole and crash due to a snowstorm. In addition to their scientific research, the defective airplane must be repaired (Eckardt & Robra-Bissantz 2016) . Figure 1 shows six screenshots of the serious game. In the beginning of the serious game, students can create an avatar (screen 1 and 2). Subsequently, students learn different aspects of information literacy in 12 levels that are embedded in an accompanying background story. Each level is structured identically. The students have to follow a checklist and thereby acquire knowledge or solve tasks. The transfer of knowledge takes place in form of videos or presentations (screen 3). The corresponding tasks vary from drag-and-drop, cloze texts, interactive system screenshots (screen 5) and multiple choice questions to connecting lines tasks, memory games (screen 4), free-text tasks and tasks to be solved in a team (e.g. case examples and votes). In each level, students can reach up to 300 points, but need only 200 points to progress within the serious game. Additional points can be exchanged on a market place through mini games (e.g. Pnake in the style of the popular game Snake) (screen 6). For the successful completion of a level, the student gets a component to repair the airplane (Eckardt & Robra-Bissantz 2016 
Research Aims
The following study compares the learning success of a digital GBL environment with a F2F learning environment.
Learning success is closely linked to motivation and fun (Mager 1972) . The integration of game elements aims to promote motivation (Glover 2013) . For this reason, the usage of the serious game "Lost in Antarctica" could enhance the learner's engagement. Accordingly, psychological results that come with the integration of game elements in the learning context are examined. This affects motivation, engagement and fun. In addition, the impact of satisfaction on learning success is also considered.
The following hypotheses are investigated as part of the comparative study:
In comparison to traditional F2F learning,  the learning success of a digital game-based learning application is higher.  learner's attitude, motivation and fun are higher in a digital game-based learning application.  learners are more satisfied with the learning process of a digital game-based learning application.
Research Design
The designed study is based on the four-level model of Kirkpatrick (1967) . The model separates between reaction, learning, behavioral and result levels (Kirkpatrick 1967; Kirkpatrick & Kirkpatrick 2006) . The reaction level describes the emotional reactions to the course and measures customer satisfaction (Kirkpatrick & Kirkpatrick 2006 ). Therefore, the student's satisfaction with the respective learning method is measured. The study differentiates between satisfaction with the content and the form of the course. The learning level from Kirkpatrick's model focuses on the learning objectives. Examples include the acquirement of new knowledge or skills, as well as attitude changes throughout this level (Kirkpatrick & Kirkpatrick 2006) . For this reason, knowledge gains and changes in attitude are questioned in this study. The behavioral level refers to applying the course content and consequently measuring changes in behavior (Kirkpatrick & Kirkpatrick 2006) . The result level measures the consequences of the behavioral changes with objective performance criteria (e.g. costs). In this study, the focus is set on learning success. It can be measured with a combination of knowledge questions and questions for self-assessment. Satisfaction, fun and motivation are only evaluated through self-assessment. A six point Likert scale is used for the self-assessment questions. Therefore, the participants have to make a decision regarding their opinion in a positive or a negative way. The trend towards the middle is avoided (Matell & Jacoby 1971) . The knowledge questions represent an objective measuring method. The knowledge is thereby checked by testing the achievement of certain learning goals through knowledge questions. The comparative study is of quantitative nature and was conducted during the summer semester 2016.
Participants
A sample of 44 students were invited to participate in the study. The participants are Master's students of various disciplines, who deepen their knowledge on economy with an information management course. The students consisted of 38 males and 6 females, with the mean age being 25, and they shared approximately the same level of knowledge. All participants had already written a Bachelor's thesis and therefore had learnt some aspects regarding information literacy.
Learning Materials
The students learned aspects of internet search in this study. Due to changes caused by media change and digitalization, students have more opportunities concerning when and how they gather information. The usage and access to information offered through the internet is more advantageous than the usage of library resources. Consequently, students often consider the availability of a resource to be of greater importance than its quality (Felker 2014) . For this reason, students had to learn different aspects of internet search within the game-based or F2F approach. For example, they learnt how to rate the quality of websites or to optimize the search in a web search engine. Furthermore, they got to know the advantages and disadvantages of an internet search and to learn how to check their research for relevance. In both courses, the students learnt exactly the same but with a different learning method.
Procedure
The participants were randomly assigned into a control group and an experimental group at the beginning of the study. Figure 1 shows the research procedure, which is divided into three phases.
Phase 1: Pre-Test. A paper-based pre-test was performed to assess students' prior knowledge. For this purpose, questions were asked to measure their subjective and objective knowledge. Furthermore, their motivation, fun and satisfaction were assessed by other questions. Both groups completed the test immediately before learning with the respective method.
Phase 2: Face-to-Face or Game-Based Learning. Both experimental and control group students had a 90-minute learning session. The experimental group conducted the serious game in a computer lab. In this way, the students were able to decide the rate and scope to perform the serious game. Additionally, the repetition of tasks was possible. In comparison, the control group participated in a F2F learning environment. A librarian, being an expert in this field, held the presentation on information literacy. The F2F learning was a combination of lecture and tutorial. Phase 3: Post-Test. After the learning experiment, the students were required to fill out a second paper-based questionnaire for gathering information about their knowledge gain and their perceptions of the learning method. Both groups increased their knowledge. However, the knowledge gain of the GBL group is greater. The knowledge about internet search of both groups is approximately the same. Nevertheless, the post-survey shows that the students knew less about this topic than they initially thought. That underlines one challenge of information literacy instruction. Students assumed that they already had the abilities (Gross & Latham 2007) . F2F, as well as GBL, were perceived positively. Even after the course, the attitude towards the different learning methods had not changed much. However, the attitude towards F2F learning had deteriorated slightly. In both groups, the students learned new things, could understand the content better and felt active participation to be an advantage. In comparison to other courses, the students learned more. Motivation was present in both learning environments, but the GBL group reported to be more motivated. Overall, fun was evaluated positively. However, the serious game was more fun because collecting points promotes an active cooperation. The GBL group evaluated the question of whether a F2F lecture would have been more fun in average with "somewhat disagree". In comparison, the F2F group thought that the serious game would have been more fun. The students were satisfied with both learning methods and, compared to the pre-test, became even more open to new learning methods. Overall, it is also clear that the GBL group was somewhat more.
A t-Test was performed to determine if the two samples significantly differ regarding factors. Table 2 shows the t-Test results for both independent samples, the serious game
The new teaching approach motivated me to work more actively than usual. (pre and post) , attitude (pre and post), motivation (pre and post) and fun. The satisfaction dimension (pre and post) showed variance heterogeneity. Therefore, a t-Test with Welch correction was used. Previous knowledge and knowledge after learning with the serious game or in the F2F lecture showed no significant changes. This means that the groups did not subjectively assess their previous knowledge differently and consequently shows approximatly the same level of knowledge. Even after learning, knowledge does not significantly differ, which means that both learning methods perform equally well for learning and none is better regarding subjective knowledge gain. Consequently, the learning method should maybe be selected based on the learning content. The attitude of both student groups did not significantly differ before the experiment. After the experiment, attitude changed. The group that learned with the serious game still had a positive attitude towards this learning method whereas the control group's attitude decreased regarding F2F learning. This difference is significant. Effect size is calculated for determing the relevance of this result. Determing the effect size follows Cohen (1992) . The effect size of attitude (post) is r=0.324 and corresponds to a medium value. Before learning, motivation of the experimental group is significantly better because they are allowed to learn with the serious game. The effect size is r=0.319 and corresponds to a medium value. After learning, both groups stated that they could easily follow the course without getting tired. However, the difference is not significant. Both groups differ regarding fun. The gamebased learning group evaluated fun more positive than the F2F group. This result is significant with an effect size of r=0.484, which corresponds to a medium and strong value. Before learning, satisfaction was not differently assessed by both groups. This In summary, the study showed that the serious game achieved significant better results in the categories attitude, motivation, fun and satisfaction compared to F2F learning. Only the knowledge gain was not significantly better evaluated by the serious game group but also showed better medium values. The hypotheses were partly supported and consequently, the serious game is a good possibility to learn.
Conclusion and Future Research
Previous literature points out that learning methods cannot be easily compared. Many studies comparing learning methods only show tendencies but no significant results (Tergan 2003) . For this reason, this study is also a first step towards the measurement of the learning success of such an application. Knowledge gain, attitude, motivation, fun and satisfaction were evaluated more positively in the GBL environment than in the F2F learning but only the knowledge gain did not show significant results.
However, further studies are necessary to measure learning success extensively and to make more detailed statements. For this reason, the serious game used in this work replaces a course for information literacy instruction in the next step completely. It is evaluated at various intervals. Thereby, the learning success is to be considered in more detail in several dimensions. For example, the existing knowledge is asked at the beginning of the serious game and the knowledge gain is evaluated in the middle and at the end of the GBL. This procedure offers the possibility to recognize changes in subjective and objective knowledge. Therefore, motivation, fun and satisfaction are measured with the same procedure. Additionally, system quality, learning strategies and subjective knowledge are recognized because they influence leaning success as well (Kerres 2001 ). An objective assessment is made via the database of the serious game. Information such as gained points, number of repetitions and points measuring the improvement or deterioration of students are recorded to enable better insights into learning success of serious games.
